Arty. Dkt. No. 292 1-0150PUS1 
Sybstitute Speicf a Uon 

TITLE 

SYNTHESIS AND EVALUATION OF NEW CYANINE DYES AS MINOR GROOVE 
OF {POLY(dA-dT)] 2 BINDERS 

5 DESCRIPTION 

Tcchmcal field 

The present invention relates to new cyanine dyes particularly suited for use in DNA 
sequencing in particular minor groove [poly{dA-dT)] 2 binders. 

10 

Background of the invention 

The introduction of combinatorial chemistry, the sequencing of the human genome and 
miniaturisation, e.g. iab-on a chip, nanocfaeraistry, has enabled the creation of vast libraries 
of "new chemical entities", millions of which must be quickly tested by high-throughput 

15 screening to identify active sites and drugs. Drags that bind reversibly to DNA in the minor 
groove of DNA have been synthesised with the aim to generate new lead compounds with 
anticancer and antiviral properties. Formerly, radioactive probes have been used to study the 
effects of drag-DNA interactions but during the last years they have started to be replaced by 
different fluorogenic assays. Today, drug-DNA interactions are mainly studied with 

20 absorhance spectroscopy, fluorescence dye displacement assays, footprinting or NMR. 
Since the numbers of fluorescence markers are limited to a few there is a challenge to 
discover new fluorescent dyes that circumvent the limitations on those that now are 
de New fluorogenic compounds that bind in the minor groove can either work in dye 
displacement assays or give insight in how substituents may work as minor groove 

25 recognition elements. 

Fluorogenic compounds can provide tremendous sensitivity due to their large quantum 
emission yield upon excitation. A limitation is that there are not many ffuorophores that give 
a high increase in fluorescence upon hybridisation or reaction with targets. 

30 

Asymmetric cyanine dyes have achieved much interest due to their excellent nucleic acid 
staining properties. Upon binding to nucleic acids such dyes usually exhibit a large 
enhancement in fluorescence intensity 1 and are widely used as fluorescent markers for DNA 
in various contexts;''** The interaction between double stranded DNA and the asymmetric 



Arty. Dkt. No. 292!-0iS0PUS! 
Sub ateS icScatioi 

cyanine dyes TO and YO (Figure 1) have been investigated specttoscopically in several 
studies am! were found to bind by intercalation 5 "'' in a non-specific fashion.* They also bind 
strongly to single stranded DNA with a large accompanying increase in fluorescence 
intensity/ This makes the dyes less useful in studies where only a signal from double 
5 stranded DNA is desirable. There are. however, fluorescent ligands that bind in the minor 
groove instead of by intercalation that bind selectively to double and not to single stranded 
DNA, e.g. DAFT 0 and Hoechst-derivatives. ' 1 In contrast to most cyanine dyes these ligands 
have a DNA sequence selectivity, preferably for A/T-rich segments. 12 Furthermore, 
compared to the intercalating dyes they exert a smaller perturbation of the DMA-duplex upon 

10 binding. This is valuable in studies where its critical that the DNA is not stretched out, for 
example in certain fluorescence microscopy studies.' 3,14 Minor groove binders do not, 
however, exhibit an equally dramatic increase in fluorescence as the asymmetric cyanine 
dyes upon binding to DNA, which can display more than a thousand-fold increase. 1 For BO 
(Figure I) a 400-fold enhancement in fluorescence has been reported, 5 * whereas Hoechst and 

15 DAPI exhibit a ~95-&M i6 and a ~20-fold' 7 increase, respectively. Another advantage of the 
asymmetric cyanine dyes as labels for DNA is their relatively long absorption maxima, 
- problems of background absorption from biological material The absorption 
maxima of the dyes in figure 1 when bound to DNA varies from roughly 435 mn to 510 
nm 6Ai7 compared to around 350 mn for Hoechst 33258 (Hoechst) and DAPI. 17 A dye that 

20 combines the features of die minor groove binding ligands and the photophysical properties 
of the ordinary asymmetric cyanine dyes would thus be of great value for defection and 
studies of DNA. 

As an initial effort towards such a dye we designed the asymmetric cyanine dye BEBO 
25 (Scl a e T s ehas ic same c mine ch n p < re s t c terc h 
structure is extended with a benzotlhazole substituent in the 6-position. The positioning of 
the benzothiazole moiety gives BEBO a crescent-shape similar to that of other minor groove 
binders, e.g, Hoechst. The short synthetic route to BEBO starting from the commercially 
aw table benzol t < ' I < < > > 

30 (Scheme 1 .a > net I cyanine dyes containing two ben 1 

have been suggested to bind nth roino <f<x>\ ei let ss mon mers i is dinners, 11 ' Herein 
we describe the s> nt ding sh idles of BEBO and the analogous dye BO 
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' A HOECHST OERSVATE A CYANINE DYE 

The fiuorophores that are most frequently used today are Fluorescein, BODIPY, DAPt 
Hoechst and asymmetric cyanine dyes such as TO. YO and TOTO. Fluorescein and 
BODIPY are the most common fluorescent reporter groups for covalent labeling of proteins 
whereas DAPX, Hoechst and Cyanine dyes are the most common fiuorophores for detection 
5 of nucleic acid. 

DAPI (abs. max 400 nm) and Hoechst (afes. max 350 nm) bind in the minor groove and; are 
u^e as base spet ohes foi DNA with a 20-fold increase in fluorescence 

upon binding to DNA. In contrast, asymmetric cyanine dyes has shown up to a 1 8.000-fold 

10 increase in fluorescence upon binding to DNA. They also have the advantage that the 
absorption and emission can be easily varied by changing the number of double bounds 
between the aromatic rings. However, a major drawback with asymmetric cyanine dyes is 
that 'they usually bind in a non-specific fashion' towards DNA-sequences. (i.e. intercalate or 
form ion-pair complexes to DNA which may result in complex or weak fluorescence signal) 

15 Therefore a cyanine dye that bind in a more organised way may have high fluorescence 
increase upon hybridisation and thus, be a more sensitive fiuorophores. 

The minor groove is a convenient site for attack since it is normally unoccupied by cellular 
compounds such as proteins. It is also a perfect complement to concave eationic dyes due to 

20 the negative electrostatic potential and the convex floor of the minor groove. Certain minor 
groove binders stabilise DNA duplexes and can work as regulators of DNA-protein function. 
As a consequence, the development of sequence-specific minor groove binders may generate 
new compounds with anticancer and or antiviral properties and thus, serve as an alternative 
and complementary approach to the antisense oligonucleotide strategy. Furthermore, the 

25 minor groove binder's stabilising effect upon DNA duplexes can be used in probes, 
consisting of a minor-groove ligand-nueleic acid conjugate, to increase the melting 
temperatures (Tin) of probe- DNA duplexes. An increase of the Tm of probes will allow a 
more flexible assay design since the oligo in the probe can be shorter and still have an 
optimal Tm, 

30 
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Sequence selective minor groove binders also has mismatch discrimination. Nucleic acid 
probes with minor groove binders as a reporter group should have an increased difference 
between the Tm of matched and single-base mismatched nucleic acids than the 
corresponding probe with an intercalator as a reporter' group. Thereby increasing the 
5 discrhni natory power of hybridisation assays. 

A useful feature of minor groove binders are a preference for double stranded DNA 
compared to single stranded DNA whereas intercalators usually has no preference for single 
or double stranded DNA. This feature results in minor groove binder probes which have 
10 lower background fluorescence than probes with an intercalator and as a consequence, a 
greater signal-to-noise ratio upon hybridisation. Furthermore, dyes specific for daplex-DNA 
can be used for quantification of DNA in mixtures contaminated by RNA or single stranded 
DNA. 

15 SUMMARY Of THE PRESENT INVENTION 

One challenge is to develop nun \ e fluoresced d) cs with different web- 

separated emission spectra that bind in a precise way and thus allow multidetectiom of a 
series of targets with high sensitivity. As mentioned, cyanine dyes can have up to a 18,000- 
fold increase in fluorescence upon hybridisation which is almost 1000 times higher than the 

20 minor groove binders that are used today. Also the absorption and emission are easily tuned 
by varying the conjugated system in cyanine dyes. Thus, a cyanine dye substituted so that 
binding in the minor groove is governed but with the extraordinary fluorescence properties 
of the known cyanine dyes retained seems to be a highly interesting target compound 




25 

Inspired by the concave structure of minor groove binders and the new findings that a 
benzothiazole and groups having a. related structure may govern minor groove recognition, 
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an asymmetric cyanine dye substituted with an extra benzothiazoie group has been 
synthesized in accordance with the above. 

The interaction between this new dye and DNA were 1 < >ectrosc 

5 methods such as flow-LD and CD. 

These two techniques can provide information on whether a drug is binding to DNA by 
intercalation or groove binding. Weak induction of CD is usually associated with 
intercalating whereas asymmetric induction is due to groove binding. Groove binding gives a 
! 0 strong signal in Flow -LD. 

In the presence of calf thymus DNA a weak positive signal was observed in the flow 1..D- 
speetra. This can be due to heterogeneous binding with a mixture of intercalated and jmove 
binding dye. On the other hand, in the presence of poly [<dA-aT)] 2 a clear positive LD is 
15 shown providing a strong indication of minor groove binding. For poly [{dG-dC)] 2 only a 
weak negative signal was observed indicating a heterogeneous binding or a low abundance 
of intercalated dye. 

DESCRIPTION OF THE DRAWINGS 

20 

Flgtsrel. Intercah i 1 leiric e\anine dyes 

Figure 2. Flow LD spectra of BEBG completed with: A) [poly(dA-dT)]2, B) ctDNA and C) 
BO complexed with ctDNA. normalised at the DNA base transition. Binding ratio R, 
25 dye:bases, were 0.05. [dye] :::: 1 1 uM in all spectra. 

Figure 3. Nonnalised LD and absorption spectra of BO in presence of: AT) [poly (dA~dT)] 2> 
GC) [poly(dG-dC)]2. [BO] - 11 uM. R= 0.025. 

30 Figure 4a-b. CD spectra of BEBO in presence of (a) [poly (dA-dT)] 2 , [R - 0.025 (A), 0.05 
(B), 0.10 (C), (D) = (C) - (B)] and (b) ctDNA (R values from bottom to top are 0.1, 0,05, 
0.033, 0.025 and 0.0125). [dye] = 1 1 uM in all spectra. 
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Figure 5a~b. Change in CD after addition of [poly (dA-dl)] 2 into samples of BEBO in 
presence of (a) [poly (dG-dC)] 2 and {b) ctDNA. (R == 0.05 in both figures), [poly (dA-dT)] 2 
was added to give mixing ratios, dye: AT-bases of; (a) (B) 0.1 and (C) 0.05, (b) from bottom 
to top: 0.1, 0.05 and 0.025. [dye] = 11 pM in all spectra. 

5 

Figure 6a~b. (a): Absorption spectra, of BEBO free in buffer (A.) and bound to calf thymus 
DNA (B) at R value of 0.02. (b): Absorption spectra of free BEBO in water-methanol 
solutions with different compositions ranging from 0 to 100 % methane t k sed Hncs). 

1 0 Figure 7. Flow LD spectra of BEBO complexed with: calf thymus DNA {top left), poly[dA~ 
dT] 2 (bottom left), poly [dG-dCjt (bottom right), and BO complexed with calf thymus (top 
right). Mixing ratios (R ~ dye / DNA bases) were 0.05 in all cases except for poly [dG-d€] 2 
<R = 0.02). 

15 Figure 8. CD spectra of BEBO complexed with: (- - - ) poly[dA-dT] 2> (— ) poly [dG~dC] 2 , at 
R - 0.05 and R - 0.02, respectively. 

Figure 9. BEBO dilution, raw data. Triplicates of five different concentrations of BEBO, 
positive and NIC, From top to bottom (left axis): 5 pM (brown), 2 pM (purple), 0.8 pM 
20 (green), 0.2 pM (blue) and 0.05 pM (red). 

Figure 10. Template dilution, normalized data, and the corresponding standard curve. 
[BEBO] = 0.2 pM. Six 10-fold dilutions of purified PCR-product, from 10 9 to 10 4 
copies/rxn. E = 0.74. The fifth sample (10 5 copies) was shown to. be incorrectly diluted and 
25 should cross the threshold approximately one cycle later. 

Figure 11. BEBO vs SYBR Green, raw data. Triplicates with three 100-fold template 
dilutions. This figure shows the hig.l m ound fluorescence eve! for BEBO and the 
total fluorescence increase. Note the linear increase in background fluorescence for the 
30 BEBO samples. 
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Figure 12. BEBO vs SYBR Green, normalized data. BEBO crosses approximately four 
cycles later than SYBR Green for the same template concentration. 

Figure 13. BEBO vs SYBR Green, raw data, triplicate 4-fold dilutions. [BEBO] - 0.4 pM, 
5 [SYBR] 0.2X. The linear increase in background fluorescence is seen for BEBO but not 
for SYBR Green. 

Figure 14. BEBO vs SYBR Green. Normalised data. A 4.5-cycle shift is observed across the 
whole, range of dilutions. 

10 

Figure 15. Melt curve. BEBO samples have melting peak average at 87.9°C, SYBR Green 
samples melting peak average at 88.9 °C, 

Figure 16. Logarithmic display of a part of the exponential growth phase of SYBR Green 
1 5 (upper) and BEBO (lower) and its corresponding linear regression. 

Fipre 17. Different types of DNA binding modes. 

Scheme 1. Reagents and conditions: L Br 2 , KSCN, DMF, 3 h; is, 1. Mel DM SO, 17 h, 110 
20 X, 2. NaOH 3q , DMSO; hi, 1 60 *C, vacuum 1 h. 

Scheme 2. Reagents and conditions: Triethylarnine, dichloromethane, ri 14 h. 

25 DETAILED DESCRIPTION OF THE PRESENT INVENTION 

It has now turned out that the following compounds solve the above discussed problems and 
the invention is mainly characterized by new compounds according to me following: 
A cyanine dye binding m the groove of DNA, selected from the group of 

30 
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wherein A ; and A 2 are each independently O, S, or N, and R is H or a carbohydrate tiiat may 
contain a hetero atom, and m is 0 to 5, and n is 0 to 5. 

In one embodiment the cyanine dye has R being methyl, or ethyl, and ra being 1 and n being 
0. 

in one embodiment the cyanine dye has R being methyl, or ethyl, and m being 1 and n being 
0 and A; and A2 being S. 

In one embodiment the cyanine dye has R being methyl, or ethyl, and m being I and a being 
0 and Aj and A 2 being O. 

In one embodiment cyanine dye has R being methyl, or ethyl, and in being 1 and n being 0 
and A; being § and A? being €t 

In one embodiment the cyanine dye has the pyridine/ qumoline ring in the 2 -position. 
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One aspect of the present invention provides a probe for nucleic acid hybridization 
comprising a cyanine dye according to the above. 

5 A further aspect of the present invention provides a method for carrying out a real-time 
PCR-reaction of a DNA template, wherein a fluorescent dye increases its fluorescent 
reaction when it is bound in a minor groove position in a double stranded DNA , whereby 
the dye comprises at least 2 aromatic ring systems both comprising at least one nitrogen 
atom, which rings are Imked by an alkine group having up to four carbon atoms to form a 
10 conjugated bond, and the dye further comprises at least a third aromatic system Imked 
thereto via a bond having a significant double string character, such as a single bond or a 
ethyne bond, to provide a stiff conjugated system. 

La one embodiment of the method the dye is an asymmetric cyanine dye. 

15 

In one embodiment of the method, one of the cyanine residues contains S and/or O. 

In one embodiment of the method the dye compound is crescent shaped. 

20 In one embodiment the dye is a derivative according to the general formulas given above. 

Clearly the new dye binds differently to A-T rich and G-C rich regions. Results from CD- 
measurements gave further support for groove binding of this new dye. 

25 For poly GC almost no signal is seen which is consistent with intercaiative or external 
binding, whereas for poly AT a very strong asymmetric induction is seen. 

It binds to the minor groove of A-T rich regions and thus it stabilises A-T bonds more, than 
G-C bonds in a DNA duplex . Therefore, if a probe is designed so that an A-T rich region is 
30 placed under the minor groove binder it can be used in probes to improve mismatch 
discrimination. 

Interestingly, our results .further accentuate the preliminary reports in the literature that the 
benzothiazoie group has utility as a minor groove recognition element, if so, this is an 
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d tens p f i ing in the m 

groove. 

Our first results show that it is possible to design and prepare asymmetric cyanine dyes that 
5 work as minor groove binders. 

Further, possibilities of broadening the present scope are: Since there is a well working 
synthetic route for the substituted cyanine dye the first step is the nitrogen in ortho position, 
2-BEBO, from the methine substitaent 

10 




SETO 2-sero 

15 

Along with the synthesis of the two quinoliniiini derivates, BETO and 2-BETO, the 
synthesis of the benzoxazole and benziraidazoie derivates can be done. 

The synthesis of these new benzoxazole and benzimidazole substituted dyes will follow a 
20 shg t i z route 
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The StiJIe coupling of similar compounds and the synthesis of the benzooxazoie- and 
benzimidazole-stannanes can be found in the literature. T he last step, the condensation of 
compound 1 with the pyridinmm or qmnolinium salt are routinely used in the synthesis of 
5 asymmetric cyanine dyes. 

SYNTHESIS 

Typically asyrnmeiric cyanine dyes are prepared by condensation of two quaternary 
10 heterocyclic salts with a ihiomethyl group acting as leaving group on one of the salts. 
However, the use of an alternative condensation method developed by Deligeorgiev et al 20 
furnished a synthetic route to BEBO of only four steps starting from the commercially 
available 4-substituted aniline 1 (Scheme I). Thiocyanation of tlie aniline i with potassium 
thiocyanate and bromine in DMF afforded the 2-amtnobenzotliiazole 2 in a 40 % yield, 21,22 
.15 Methylation of 2 by iodomethane and subsequent deprotonation proceeded in a total 77 % 
yield to produce the 2-imino-3-methyl-benzothiazoline 3. The dye BEBO was prepared in 
24 % by simply melting the benzoihiazohne 3 together with the pyridinium salt 4 at 160 °C 
under vacuum. 20 

20 To enable comparative DNA binding studies the presumed intercalating dye BO (l-methyl- 
4-[(3-methyl-2(3H)-ber^othiazoIyhdene)methyl]~pyridmium iodide) was synti - 
according to the classical method using a modified procedure by Zhou et al (Scheme 2). 23 
The dye was afforded in 46 % yield by condensation of the pyridinium salt 4 and the 
benzothiazoHum salt 5 in dichloromethane using trieihyi amine as base. 

25 

LINEAR BICMEOISM MEASUREMEr^fS 

To study the effect induced by the beuzothiazole substituerst in BEBO on its interaction with 
DNA, binding studies of the analogous dye BO were also performed as a comparison. Figure 
30 2 shows the flow linear dichroism (LD) spectra of BEBO and BO with different DNA, LD is 
definec ^ ' i « I'^u a 1 abs t of e i u o aj to tie 

macroscopic axis ©fomentation. The LD-spectra of oriented DNA-Hgand complexes may be 
analysed in terms of angles that the electronic transition moments of the ligands make with 
the DNA -helix axis to provide information about binding geometries.*' 4 The orientation of 



Atty. Dkt. No. 2921-O150PUS! 
Substitute Speieilcaiion 

the DMA complexes was achieved using a flow Couette ceil vvii . utei r stating cylinder. For 
BEBO in the presence of [poly (dA~dT)] 2 (poly-AT) & clear positive LD is shown providing 
a strong indication of minor groove binding (Figure 2). From the reduced LD, obtained 
tbj \ > division of the LD by the >tio ngh t t v ok 

5 wavelength transition moment of BEBO and the DNA-heiix was calculated to be 44°. This 
is very similar to the angle for known minor groove binders, e,g., DAP!/" The major 
transition moment of BEBO can be expected to be polarized roughly along the line 
connecting the pyridine with the closest bcn/of\.i/o o '.iru£." s> The weaker positive Mgnal 
shown for BEBO in the presence of calf thymus DNA (ctDNA) is possibly doe to binding in 

10 the mino \ Y 1 angle close to 54°, as suggested ea t i 

cyanine dyes. 1 " However, the binding-angle to poly-AT of 44° in addition with CD-titration 
data (see below) proposes a more complicated binding to ctDNA with a mixture of binding 
modes resulting in an average low LD signal. Although Hoechst and DAPI have a preference 
for minor groove binding to AT-rich regions it has been suggested that they bind to GC 

IS sequences by a iron-classical intercalation process. 27 ' 28 This mode! seems to be applicable 
here also, since the reduced LD spectrum of BEBO with [poly(dG-dC}]2 (poly-GC) Show a 
negative value of the same amplitude as for the DNA bases indicating intercalation (data not 
shown)- 

20 In contrast to the binding of BEBO, LD measurements indicate that BO binds by 
intercalation to all three different polynucleotides Studied: ctDNA {Figure 2), poly-AT and 
poly-GC (Figure 3). The change in binding mode induced by the benzothiazole extension of 
the BO structure is particularly apparent in the case of poly-AT. 

25 CIRCULAR D1CHR0JSM MEASUREMENTS 

The strongly induced, positive CD for BEBO in presence of poly- AT (Figure 4a) gives 
further strong support for binding in the minor groove."'' Figure 4a shows the titration of 
poL - M ii o M 3 f ' „ s c < number of dye molecules per 

30 base, varying from 0.025 to 0.1. The larger CD amplitude of BEBO at the highest binding 
ratio is rationalized by a contribution of exciton coupling interactions between closely bound 
chromophores. This is illustrated by subtracting the B spectrum (R - 0.05} from the C 
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spectrum (R :::: 0. 1 ) in Figure 4a to produce a spectrum typical of exciton coupling (D, Figure 
4a).. 

In the presence of ctDNA, the induced CD is smaller but still, intercalation or external 
5 stacking of the dye would not give rise to this large amplitude. Thus, there must be a 

i 1 v g i s i 1 % ^ > ' ti * ' c n i t ?o 

with binding ratios R varying from 0,0125 to 0.10 is shown in Figure 4b. As with the binding 
of B'EBO to poly-AT, there *s a feature of exciton coupling intt j en closely 

spaced ligands at higher binding ratios. At lower binding ratio the signal is similar to that of 
10 the corresponding poly-AT spectra, albeit with smaller amplitude. 

The binding of BEBO to poly-GC gave rise to only a vtr\ s i (Figure 5 

which supports an intercalative binding mode to GC-regions. This miglit partly account for 
the lower CD obtained upon binding to ciDNA. However, one must bear in mind that ciDNA 

15 is more complex than just a mixture of alternating GC~ and AT-segments. The amplitude of 
the CD spectra in the presence of ctDNA is about one fourth of the poly- AT spectra. If the 
binding to ctDNA is a mixture of groove binding to AT- regi vcalation to GC- 

regions then 75 percent would be bound in an intercalative fashion. This does not bold since 
the LD should be significantly more negative in that case. Hence, a substantial amount of 

20 dye must be bound in a aon-intercalative fashion to ctDNA at sites affording a lower induced 
CD than when bound to alternating AT. 

The CD signal for BO in presence of ctDNA was ot v v i« v ^' * t shown) and 

this further illustrates the different binding mode of BEBO compared to BO. 

25 

POLYNUCLEOTIDE BINDING PREFERENCES 

The extensive difference in amplitude of the CD signal for BEBO in the presence of poly- 
GC and poly-Al allowed as- t e AT preference 
30 When poly-AT was added to a sample of BEBO in the presence of poly-GC (R = 0.05) the 
> ! >v ! >wi < eference for poly-AT (Figure 5a) 
These spectra were consistent with the CD spectra of BEBO in the presence of poh AT 
without poly-GC (Figure 4a) with only slightly lower amplitudes of the signals. 
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A similar experiment was performed to compare the binding affinities of BEBO to poly- AT 
and ctDNA. Again poly-AT was added to a s mm - if BEBO now in the presence of ctDNA. 
There was an increase in CD signal upon addition of poly-AT but not as large as when the 
sample initially contained poly-GC (Figure 5b). Hence, there is still a reasonable amount of 
5 dye bound to ctDNA at these ratios, showing that there must be other binding sites than 
alternating AT-regions in ctDNA that attract BEBO significantly, 

FLUORESCE MCE AND ABSORBANCE MEASUREMENTS 

The absorption and .fluorescence properties of BEBO with different nucleic acids are 
summarised in table 1 . In analogy with other asymmetric cyanine dyes BEBO has a large 
increase in fluorescence upon binding to DNA. The clear minor groove binding of BEBO to 
poly-AT affords a 1 80- fold enhancement in fluorescence intensity, whereas the increases 
upon binding to ctDNA and poly-GC are somewhat larger. In buffer solution, the free dye 
has its emission peak at 542 ran compared to 492 nm for the bound dye. Using ethanol 
instead of aqueous buffer as solvent, the free dye emission was shifted to 492 nm, and the 
fluorescence intensity was roughly ten times lower. Recently, aggregation of TO in the 
presence and absence of DNA was studied by absorption and fluorescence spectroscopy and 
similar manifestations caused by aggregate formation was seen.' 50 Thus, in buffer solution, 
dimers or higher aggregates with longer emission maximum are probably formed due to the 
hydrophobic, nature of the dye. 

The shape of the absorption spectra of free BEBO in water further suggests the presence of 
dimers or aggregates (Figure 6). Absorption measurements of BEBO in different methanoi- 
25 water mixtures showed a substantial increase and a red shift in absorption with increasing 
amounts of methanol (Figure 6b). The dye molecules are presumably present as monomers 
in pure methanol. The absorption spectrum of free BEBO in methanol and the spectrum of 
BEBO completely bound to DNA have a very similar shape, which indicates thai the dye is 
bound as monomers at low binding ratios. 

30 

In summary, we find that the structural modi fit itio js of BO have indue,,- ; >h i in binding 
mode from intercalation towards minor groove binding. Our results further imply the 
potential of the b«nzd^jH^Ie'g«oup as' aminar |tobve.*ec5@iidoa : m<5iet>'. The dye could be 
synfhesised in only four steps from the commercially available aniline !. The binding of 



15 
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BEBO to poIy-AT is dearly in the minor groove as deduced from fee CD- and LD-spectra, 
Similarly to that of DAPI and Hoechst, the binding of BEBO to poly-GC is dominated by 
intercalation. With the ran ; m ;e< aeae c DNA on the other hand, BEBO seems to interact 
s msly. Hov i . i 1 i - g < >ove bmdh 

5 regions cannot be the only explanation to the LB- and CD-results obtained with ctDNA. 
ere mus c en < i s in ctDNA for BEBO., which induce a lower- CD 

than poly- AT. Hie relatively large amplitude of the CD signal show, however, that there is a 
significant contribution of minor groove binding of BEBO to ctDNA, Consistent with other 
minor groove binders, BEBO has a distinct preference for poly- AT compared to poly-GC. 
10 The fluorescence increase upon binding to the minor groove of poly- AT is larger than for 
Hoechst and DAPL The binding properties of BEBO, in particular its strict minor groove 
binding "to poly-AT, give promise for fee development of a new class of asymmetric cyanine 
dyes with a strong preference for minor groove binding and a large increase in fluorescence 
upon binding. 

15 

liFEMlMENTAL EXAMPLE 

20 Preparation according to the reaction scheme 

■The dye 1 was prepared in four steps starting from the commercially available aniline 1. 
Thiocyanation of the 4-substitoted aniline 1 with potassium ihiocyanate and bromine in 
DMF afforded the 2 -ami? azote 2 in a 40 % yield. Methyiafion and deprotonation 

25 of compound 2 proceeded ill a total 70 % yield to produce the 2-imino-3- 
methylbenzothiazoline 3. The dye 5 was prepared in 20 % by melting compound 3 together 
with the pyridmium salt 4 at 160 °C under vacuum. 

SYNTHESIS 

30 

2-(Fii-n-buty]stanny!)-ben2omiuole (1) and 2-(Tri-n-butylstannyi)-benzoxuole (2) was 
prepared by treating benzothiazole and henzoxaxole, respectively with n-BuLi at -78 G C, 
followed by addition of tii-n-butyltin chloride. 
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Scheme Preparation of the rgai 1 ? 



6-BROMO-2-METI1YL-BENZOTHIAZOLE (5) 

5 

2,4~Dibromo-aniline was treated with acetic anhydride in pyridine to give the acetanilkle (3). 
Reaction of (3) with phosphorus pentasulfide in refluxing benzene replaced the carbon>1 
oxygen by & sulphur atom to give the thioacetanilide (4). Separation of (4) from (3) is readily 
achieved by extraction with aqueous NaOH. This is possible due to the fact that the sulphur 
10 atom is larger and more polarizabk titan the oxygen and thereby able to form the 
water-soluble tliioacetaniline anion (4'). This ability to fonts (4") is also utilized in the final 
step, in which (4) is treated with sodium methoxide, and elimination of the bromine in 
2position leads to ring closure, giving the product (5). Upon removing the NMP by bulb-to- 
bulb distillation, it was discovered that (5) is easily purified by sublimation. 

15 




Scheme: Preparation of (5) from 2, 4-dibromo-ani!me. 
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6-IO!X}-2-METIIYL-BENZOTHLAZOLE(9) 

5 The synthesis of (5) and its iodo analogue (9) are very similar. However, in this case the 
dihalogenated acetanilide (7) is achieved by acylation of 4-iodo-ani.line to give (6), followed 
by bromination. In this bromiaation step, some of the iodine in the 4-position was substituted 
by bromine. Attempts to separate the formed 2,4-dibromo-aeelamlide from (7) were 
fruitless, which resulted in a product mixture of (9) and (5) in a 3:1 molar ratio. In spite of 
1 0 this, the mixture was used in following Sti.Ile-coupl.ing reactions. 




Scheme: Preparation of (9) from 4-iodoaniline. 

1.5 6-BROMO-2-METHYLTHIO-BENZOTHIAZOLE (1.0) 

Although not being used in our subsequent reactions, it should be mentioned that yet another 
halogenated eiectrophile, 6-Brorno-2-roethylth.io-benzothiaz.ole (10), was prepared. The 
sjmthesis of (10) is, as seen in. the following scheme, quite uncomplicated. 
20 2 Mcthvh i oleis simply brominated in acetic acid with FeCh as catalyst. 




(105 



25 Scheme: Bromination in 6-position of 2 -methyl thio-benzrhia/ole 
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STTLLE-COUPUNGS 

To study and optimise the palladium catalysed cross-coupling reaction, a number of 
c v i aents « re carrie< k\ w th !> i et ,! u ^i 1 v i ia > i % en! neutral 

5 iigands on the catalyst. However, the procedure desct hk s tl j >yn hesis of (1 1 i and (13) in 
the experimental section was followed in all Stiiie-coupimgs. Cul is used for its co-catalytic 
effect on the coupling. Table 1 summarises the Stille-experiments carried out during this 
work. 
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Entry OrgancstasBaisie Arylhalkie Catalyst Predict 



Yield 



fl) 
(I) 
(1) 
CD 

(1) 
(I) 



(1) i ~^ v 

m 



Bt-Q Pd(PPh3) 4 (X}~^J ^ 

Pd{AsFh 3 )4 / 33% 

--NH Pd{PPh 3 ) 4 



Pd(PPh 3 ) 4 




0% 



(5) 



(11) 



?d(AsPh 3 )4 



(ill 



(13) 



0% 



m 



95% 



Table L .4 sutmmry of the Stiile-reactions performed. 

In entry I, pure product could not be isolated despite flash chromatography (chloroform on 
silica). However, a small amount of product was confirmed by mass spectrometry. The 
superior performance of iodine in comparison with bromine on the eleetrophiles has been 
previous!) reported, and was the tore i peeled This property is given by iodine's greater 
ability to act as a leaving group. Another reason for the failed, experiments in entries 4-7 
might he that the nitrogen in 4-position to bromine donates its free electron pan mto the 
aryhing, thereby deactivating the electropliile. The reason for trying to use brominaied 
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electrophiles anyway was their more facile synthesis. Although the aryihaHde m entries 8-9 
in reality was a 3:1 (molar-) mixture of (9) and (5), the yields in table 1 we calculated with 
respect only to the amount of (9). This is due to the total reluctance of the brominated 
e e< op li - m entries 4-7 to react. 

5 

i « has been reported to show up to a ! h ■ 

increase in reaction rates, compared to triphenylphosphine. Surprisingly though, 
iriphenylarsine was less effective than triphenyiphosphine in the experiments performed. 
This may, ironically enough, depend on triphenylarsine's superiority as ligand, which makes 
10 Pd(O) more liable to oxidize and the catalyst far more air- sensitive than the one with 
tripheuylphosphirle. Hereby, a small contamination of air-oxygen in the reaction vessel 
might substantially decrease the catalytic effect of tripherrylarsine-coordinated palladium, 
whereas the catalyst with phosphine-Sigand is less affected. 

15 

BETO & BOXTO 

The two new asymmetric cyanine dyes BETO and BOXTO were prepared by the reaction 
paths shown in schemes 8 and 9. 




Schense 8. The two find steps in the synthesis of BETO. 

20 




Setose 9. / he t sis of BOXTO, 
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By treating (11) and (13) with an excess of melted methyl tosyiafe, r];e methylated salts (12) 
and (14) were formed in 70% and - i i ids respectively. These salts were allowed to react 
with l-i etl qui io?in - late 1 loromethane to produce the desired dyes, The 
5 yields in the last step were 27% and 30% respectively. 

Column chromatography was performed using aluminium oxide (activated, neutral, approx. 
150 mesh) deactivated by the addition of water to Brockman grade 111. Melting points were 
determined on a Metiler FP82HT hot-stage microscope. l K (400 MHz) and !3 C (100.6 MHz) 

10 NMR spectra were recorded at it using a Varian UNITY -400 NMR spectrometer. Chemical 
shifts are in ppm, relative to solvent peaks for DMSO {8 2.50 for l B and S c 39.51 for l3 C 
$es are given in Hz. High resolution mass spectra were recorded using a VG 
ZabSpec instrument. UV-vis spectra were measured on a Varian Cary4 spectrophotometer. 
Fluorescence spectra were recorded using a SPEX fiuorolog x2 spectrofluorimeter. The LD 

15 and CD spectra were recorded on a JASCO-720 spectropolarimeter. The orientation of the 
DNA complexes was achieved using a flow Couette cell with outer rotating cylinder. All 
spectroscopic measurements were performed at 25 °C in 25 mM sodium phosphate buffer 
(pH 7,0). Aqueous solutions of BEBO and BO were typically obtained from 2 mM stock 
solutions in DMSO. [Poly (dA-dT)j 2 and [poly (dG-dC)]: ) were purchased as solutions in 

20 buffer from Pharmacia. Calf thymus DNA was purchased from Fluka. Commercial reagents 
were purchased from Sigma-Aidrich arid used without further purification. The pyridmium 
salt 4 and the benzothiazoiiuni salt 5 were prepared as previously reported. 23 

2~AM [N(>-6-{6-M:ETHYL-BENZOTMIAZOL-2-YI J )-BENZOTfflAZOLE (2) 

25 

2-(4-aminopheny1)-6-methyl-benxothiazole 1 (4.0 g, 16.6 mmol) and KSCN (2.6 g, 26.7 
mmol) were dissolved in DMF (20 ml) and cooled in an ice-bath. Br 2 (0.9 ml 17 mmol) in 
DMF (15 ml) was added dropwise under 3 h. The mixture was stirred for another 20 a. 
Water was led the pn cipitate formed was collected by 11 Itration and dried. The crude 
30 product was triturated on the sinter with several portions of > c rldoromethane to 
afford 2 as a light green-yellow solid (1.97 g, 40 %). Mp 250-251 °C: S H NMR (DMSO): 6 
2.45 (3H, s, Ar-CH.0. 7.34 (1H, d, J-8.4, ArH h 7.50 (1H, d, >8A ArH), 7.89 <1H, d. J-8.4, 
Aril), 7.91 (1 R s, ArH}, 7.99 (IK, d, J-S.4, ArH), 8.51 <1H, s. ArH), 8,56 (2H, s, NH 2 ); n C 
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NMR (DMSO): 6 21,10, i 16.7, 120.7. 121.8, 122.1, 125.6, 126.9, 128.1, 129.7, 133.3, 
134.5, 135.0, 151.7, 165.9, 169.3; HR-FAB-MS mfz Found: 298.0521 C i; B u NS? (MHt): 
requires M, 298.0473. 

5 2»AMINO-3-METH¥L»6-{6-METHYI,-BENZOTHIAZ.OL-2.YL}~ 
BENZOnOAZOLIUM IODIDE 

The 2-aramobenzothkzole 2 (0.3 g, 1.0 mmol) was dissolved in DMSO (2 ml). Methyl 
iodide (0.25 ml 2.0 mmol) was added and the mixture was stirred at 110 °C for 17 hours. 

10 The mixture was cooled and poured into water. The precipitate formed was collected by 
filtration and washed with water to give the product as a yellow solid (0.38 g, 86 %). Mp 
267-269 °C; S H NMR. (DMSO): 5 2.47 (3H, s, Ar-CH.?), 3.74 (3H, s, N~CH 3 ), 7.38 (1H, d, 
>8.4, ArH), 7.79 (111, d, 7-8.4, ArH), 7.93 (IH, d, J=8.4, ArH), 7.95 (1H, s, ArH), 8.22 
(IH, d, .7-8.4, ArH), 8.75 (1H, s, ArH), 10.19 (211, s, NH 2 ); !3 0 NMR (DMSO): 5 21.14, 

15 32.39, 113.9, 122.0, 122.2, 122.4, 122.7, 126.6, 128.3, 129.8, 134.7, 135.6, 140.9, 151.6, 
164.7, 168.9; HR-FAB-MS mfz Found: 312.0638 QsHhNsS? (M + ): requires M, 312.0629. 

BEWZ0THI AZOLIN E (3) 

20 

2-atnmo-3-methyf~6-(6-me& iodide (0.3 g, 0.68 

mmol) was taken up in DMSO (10 ml). Water was added (20 ml) and the mixture was 
basified to p'H .10 with aqueous NaOH (20%). The precipitate was collected by filtration and 
washed with water to produce 3 as a light yellow solid (0.19 g. 89%). Mp 146-148 °C; ' k H 
25 NMR (DMSO): 2.45 (3H, s, Ar-CHj), 3.38 (3H, s, N~CH 3 ), 7.16 (IH, d, J=8.4, ArH), 7.33 
(111 d. .7=8.4, ArH), 7.87 (IH, s, ArH), 7.90 (III s; ArH), 7.93 (IH, d, 7=8.4, ArH), 8.16 
(IH, s, ArH), 8.55 (IH, s, NH); °C NMR analysis was not possible due to poor solubility of 
4 in available deuterated solvents; HR-FAB-MS m/z Found: 312.0619 C; 6 Hj 4 N 3 S2 (M+H*); 
requires M, 312.0629 

30 

4-|(3-METeYL^-(6-METIIYL-BF J NZOTHIAZOL-2-YL)-2,3,-I>IilYDRO-(BENZO- 
1 ^VTHI AZOLE)-2-METH YLIDENE)1-1-METH YL-PYRIDIxNIUM IODIDE (BE BO) 
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The benzothiazolme 3 (0 I g, 0.32 mmol) and 1,4-dimethyi-pyridinmm tosyiate 4 was 
melted together at 160 °C under vacuum for I hour. DMSO (5 ml) was added and the 
mixture was heated at reflux for 30 min. The mixture was added to aqueous KI (30%) and 
the precipitate formed was collected by filtration. The solid was purified by flash 
5 chromatography on neutral AhOj with methanol- dicMoromethane (2:98) to give BEB0 
(0.04 g, 24%). Mp 280-281 °C; ! 0 NMR (DMSO): 6 2.47 (3H, s, Ar-CH 3 ), 3.76 (3H, s, N- 
CH 3 ), 4.02 (3H, s, N-CH 3 ), 6.34 (1H, s, <H-}, 7.38 (1H, d, ,7=8.4, ArH), 7.47 (1H, d, .7=6.8, 
PyH), 7.70 (1H, d, 7=8.4, ArH) 7.93 (1H, d, .7-8.4, ArH), 7.95 (1H, s, ArH), 8.18 (1H, d, 
7=8.4, ArH), 8.39 (1H, d, 7=6.8, PyH), 8-65 (1H, s, ArH); 13 C NMR (DMSO): 21.13, 32.9.9, 
10 45.11, 90.66, 112,0, 118.8, 120.9, 121.8, 122.2, 124.6, 126.7, 127.9, 128.1, 134.5, 135.2, 
142.4, 142.5, 150.1, 151.6, 156.4, 364.9; HR-FAB-MS m/z Found: 402.1145 C23B20N3S2 
(M + ): requires M, 402. 1105. 

:^(TIO^-BIJTYLSTANNYL)-BENZ0THIAZOLE (1) 

15 

20 nil of freshly distilled THF was flushed for 30 min with a stream of nitrogen after which 
benzofchiazole (1.0 g, 7.4 mmol) was added. After being flushed for another 30 mh% the 
solution was cooled to ~78°C and placed under inert nitrogen atmosphere. 0,9 equivalents of 
n-BuLi (2 M solution in hexane, 2.66 mi, 6.66 mmol) was added dropwise over a period of 

20 30 min, during which the solution turned to deep red. The solution was kept at -78 fl C for ! h 
and then tri-n-butyitm chloride (2.0 mi, 7.4 mmol) was added dropwise over a period of 1 h. 
During this addition, the solution shifted from deep red to brownish- yellow, then to greenish 
blue and finally to light brown. After yet another hour at -78°C, the solution was allowed to 
reach room temperature. The THF was removed on a rotary evaporator and the product, a 

25 yellow oil, was isolated by distillation m vacuo. Yield: 2.47 g, 79%. 5 H NMR (CDCI3): 8 
0.90 (t, J=S, 9H, Bu 3 Sn), 1.29 (in, 6H, BujSn), 1.35 (m, 6R Bu 3 Sn), 1.63 (t, J=8, 6H, 
Bu 3 Sn), 7.37 (t, J=S, 1H, ArH), 7.46 (t, J-8, 1H, ArH, 7.96 (d, ]=S, IB, ArH), 8.17 (D, 1=8, 
1H, ArH). 

30 
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2-(TRJ.-N-BUTYLSTANN'YL)-B£.NZOXAZOLE (2) 

20 ml of ft h dist .lied THF was flushed for 30 min with a stream of nitrogen after which 
benzoxazoie (1.0 g, 8.3 mmol) was added After being flushed for another 30 min, the 
5 solution was cooled to -78 °C and placed under inert nitrogen atmosphere. 0.9 equivalents of 
n~BuLi (2 M solution in hexane, 3.0 mi, 7.6 mmol) was added d 1 t ^od of 1 h, 

during which the solution turned to pink. The solution was kept at ~78°C for 30 min and then 
tri-n-butyltin chloride (2.3 ml, 8.3 mmol) was added dropwise over a period of 1 h. During 
ibis addition, the solution shifted from pink to brown. After yet another hour at -78°C, the 
10 solution was allowed ic reach room temperature, at which it turned to deep red. The THF 
was removed on a rotary- evaporator and the product, an orange oil, was isolated by 
distillation in vacuo. Yield: 1.37 g, 40%. l HKME (CDC1 3 ): 6 0.90 (t, ,h=7, 9H, Bu 3 Sh), 1,3:0 
(m, 6H, Bu 3 Sn), 1.35 (m, 6H, Bu 3 Sn% IM (t, J ::: 7, 6H, Bu 3 Sn), 7.29 (t, 2H, ArH), 7.55 (d s 
IB, ArH), 7.77 (d, IK, ArH). 

15 

2,4-.MBHOMO-ACETANILII)E <3) 

A solution of 2,4-Dibromo-aniKne (3.0 g, 12.0 mmol), 1.1 equivalents of acetic anhydride 
(1.35 g, 13.2 mmol) and pyridine (0.95 g, 12,0 mmol) was heated to 100°C. After a few 

20 minutes, a precipitate had formed and pyridine (-3 ml) was added to dissolve the precipitate. 
The solution was kept at 100 °C for two hours after which it was allowed to cool to; mom 
temperature and was poured into water. The precipitate formed was collected by filtration 
and washed with water to give the product as a white powder in quantitative yield (3.9 g, 
slightly wet) ! HNMR (CDC1 3 ): 8 2.24 (a, 3H, -CH 3 ), 7.43 (d, J t -8.8, J 2 -2, IB, ArH) 7.69 (s, 

25 J-2, 1H, ArH) S.27 (d, J-8.8, 1H, ArH). 

2A»IBROMO-THLOACETANiJLIDE (4) 

2,4-Dibromo-a.cetanilsdi (2 2 g 7.51 mmol) was d ssoh ed i<~ • ml benzene tnd phosphorus 
30 penta , dfi ie (3.34 g, 7.51 mmol) was added The mixture was refluxed at S0°C. After a few 
minutes, a gummy solid was formed at the bottom of the flask. To suspend the solid and 
make stirring possible, an additional 20 ml of benzene was added and the mixture was 
swirled \vi m-msly After reflux mg foi 5 t h, thin layer chromatography (TIC \ on silica in 
chloroform suggested complete reaction and the heating was removed. After cooling to room 
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\ ' tered and the pre ipitate washed * a h die? i\ e ici 
The benzene 'e-hcr f r, > a was extracted "\ice with XaOH, (10%) The basic, aqueous phase 
was acidified to pH ~1 with cone. HQ. : This gave a light brown, milky slurry. The 
precipiu 1 « ecied by filtration and the slurry was therefore extracted twice 

5 with diethyl ether. This resulted in a yellow organic phase, which w as dried and evaporated 
to give the thioacetanilide as a brown, yellowish oil. Yield: 1.33 g, 57%. TfNMR {CDChV- 6 
2.78 (S, M -CH 3 ), 7.50 (d, Ji-8.8, 3>1.6, 1H, ArH) 7.90 (s, J=L6, IH, ArH) 8.40 (d.. J=8.8, 
ill. ArH), 

10 6-BROMO-2-METHYL-BINZOTHIAZOLE (5) 

2,4-Dibromo-thioacetanilide (1.33 g. 4.3 mmol) and 1.2 equivalents of sodium methoxide 
(0.513 g, 5.2 mmol) was dissolved in 3 ml NMP After 2 h at 150 °C and cooling to room 
temperature, the NMP was removed by bulb-to-bulb distillation. The brown remnants were 
15 purified by sublimation to give the product as white crystals. Yield: 707 mg, 72%. V H NMR 
(CDC1 3 ): 0 2.83 (s, 3H, -CH 3 ), 7.55 (d, J 2 -1.6, 1H, ArH) 7.80 (d, J-8.8, 1H, AiH) 

7.96(3,1=1.6, 1H, ArH). 

440BO-ACETANILIBF46) 

20 

4-Iodo-aniline (5.0 g, 22.8 mmol) and 1.1 equivalents of acetic anhydride (2.56 g, 25.1 
mmol) was dissolved in 3 ml pyridine. After 2 h at 100 °C, TLC suggested complete reaction 
and the heat was removed. When the solution had reached room temperature, it was poured 
into water. The precipitate formed was collected by filtration and washed with water to give 
25 the product as a white powder. Yield: 5.86 g, 98%. *H NMR (DMSO): 5 2.03 (s, 3H, -CH3) 
7.41 (d, J=8.8, 2H ? ArH) 7.6! (d, J=8.8, 2H, ArH) 10.03 (s, Hi NH). 

2-BEOMO-4-IODO-ACETAMIL1BE (7) 

30 To a solution of 4-Iodo-acetanilide (3.74 g, 143 mmol) in 20 ml HAc ae| ., (70%), 1.1 
qui\ jromine \ 1 *• « is adde * ing ved to 

( , 1 ? U j \\ v. I > l! I U(!H, i 

collected by filtj 3 bowed a mixture 5 the des and 2,4- 

^mmiGha£^t^Rifidle:% a 9:4 molar ratio. Total yield: 3.02 g, 65%. Yield of the desired 
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product: 2.18 g, 45%, ! H NMR (CDCh,): 5 2.23 (s, 3H, -CH3), 7.60 (d, 3 5 =8.8, J 2 =L6, 1H, 
ArH) 7.85 (s, J- 1.6, IK, ArH) 8.13 (d, J -8.8, 1H, ArH). Yield ofthe by-product: 0.84 g, 
20%. l H NMR (CDC1 3 ): Consistent with the spectrum of 2,4-dibromo-acetanilide described 
above. 

5 

2-BROM04-IODOt THIOACETAMLHffi (B) 

A total amount of 2.87 g ofthe 2-Bromo-4-iodo-acetuilide (2.08 g, 6.1 mmol) and 2,4- 
dibromo-acetanilide (0.80 g, 2.7 mmol) mixture was dissolved in -40 ml benzene and 

10 phosphorus pentasidfi.de (3.75 g, 8.4 mmol) was added. The mixture was retluxed at 80 °C 
over a period of 2 h. After being allowed to cool to room temperature, the brown slurry was 
filtered and the precipitate washed with diethyl ether. The benzene/ether filtrate was 
extracted twice with NaOH, (10%) and the basic, aqueous phase was acidified to pH -1 with 
eonc. HCi This gave a light brown, milky slurry, which was extracted twice with, diethyl 

15 ether and resulted in a yellow organic phase. This phase was dried and evaporated to give a 
mixture of 2-hram.o-4-iQdo-thioaeetamIide and 2,4-dibromo-thioaeetanilide as a brown oil. 
Total yield: 2.14 g, 71%. Yield of desired product: 1.66 g, 77% ! H NMR (CDCfe): 5 2.78 (S, 
311, -Clh), 7.68 (d, 1H, ArH) 7.96 (s, 1H, ArH) 8.29 (d, 1H, ArH). Yield ofthe by-product: 
480 nig, 57%. ! H NMR (CDC1 3 ): Consistent with the spectrum of 

20 .2,4-dibromo-thioacetanilide described above. 

6-LQD02-METHYL- BENZOTIHAZOLE (9) 

A total amount of 2.02 g of the mixture of 2-bronio-4-iodo4hioacetanilide (1 .57 g, 4.4 
25 mmol) and 2,4-dibromo-thioacetanilide (454 mg, 1.5 mmol) was dissolved in 15 ml NMP. 
Sodium methoxide (0.677 g, 6.9 mmol) was added and the mixture was stirred at 150 °C for 
2.5 h. When the brown solution had cooled to room temperature, the NMP was removed by 
bulb-to-bulb disti lation. The brown remnants were purified by sublimation to give a mixture 
of 6-iodo~2~me ^azole and 6 biom izole (molar ratio 3:1) as 

30 white crystals. Total yield: 1.33 g, 86%. Yield of desired product: 1.04 g, 86%. l H NMR 
(CDC! 3 ): $ 2.82 (s, 3H, -CH3), 7.68 (d, J- 8.4, ill, ArH) 7.73 (d, J-8.4, IB, ArH) 8.16 (a, 
1H, ArH). Yield ofthe by-product: 289 mg, 86%. *H NMR (CDCh) Consistent with the 
spectrum of 6-bromo-2-methyi-benzothiazole described above. 
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6-BROMO-2-METK YLTIO O-B E NXOT II I AZO LE (10) 

To a solution, of 2-methylthio-benzothiazole (1.14 g, 6.3 mmol) and bromine (1.24 g, 7.7 
mmol) in 10 ml acetic acid, a catalytic amount of FeCI 3 was added. After being refluxed at 
5 120 °C over a period of 4 h the orange reaction mixture was allowed to cool to room 
temperature and was then poured into ethyl acetate. The precipitate formed was collected by 
filtration, washed with ethyl acetate and refluxed for 1 h in ethyl acetate. This slurry was 
filtered and ethyl acetate was removed from the filtrate by rotary evaporation to give the 
product as yellow crystals (130 mg, 0.50 mmol). The precipitate, collected by filtration from 
10 the refluxed slurry, was Soxhlett-extraeted with n-pentane followed by diethyl ether. 
Evaporation of the solvents produced another small amount of the desired product (70 mg, 
27 mmol). Total yield: 200 mg, 0.77 mmol, 12%. ! H NMR (DMSO); 5 2.79 (s, 3H> -SGH3)*. 
7.61 (d, 1,-8.8, J 3 -2, 1H, ArH) 7.77 (<L 1=8.8, 1H, Aril) 8.32 (s, J-2, 1H, ArH). 

15 2-MElnai^6 (11) 

216 mg of the mixture of 6-iodo-2-methyi-benzotbiazoie (169 mg, 0.61 mmol) and 
6-brorno~2-methyl-benzothiazole (47 mg, 0.20 mmol) was dissolved in 10 ml DMF. The; 
solution was flushed 30 min with nitrogen and Pdjdba? (21 mg, 0.02 mmol) followed by 

20 addition of tri-phenylphosphine (46 nig, 0.18 mmol) w as -a dd e d . After another 15 mio of 
flushing, Cul (45 nig, 0.24 mmol) was added and the mixture was flushed for yet another 15 
ruin and placed under inert nitrogen atmosphere. 2-(Tri-n-butyistannyl)-benzothiaa:ole (500 
mg. 1 18 mmol) was addeu and the mixture was heated o 60 i; C. A1 pi at 60 't 

for 6 h, the reaction mixture was allowed to cool to room temperature. The DMF was 

25 rei ion to give a dark, yellow us oil was p 1 si 

chromatography on silica with chloroform to produce the product as pink crystals. Yield: 
169 mg, 74% (calculated with respect to total amount of 6-halogenated 
2-methyl-beozothiazole), 98% (calculated with respect only to the amount of 
6-iodo-2-methyl-benzothia2:Qle). ] K NMR(CDCb): 5 2.89 (a, 30, «CH 3 ), 7.41 (t, J=7.6. 10, 

30 ArH). 7.52 (t, J=7.6, 1H, ArH. 7.93 id. J=7.6, 1H, ArH), 8.03 (d, 1-8.4, IB, ArH), 8.09 {d, 
J=8.8, I H, ArH), 8.15 (d, J=8.4, 1H, ArH) 8.64 (s, 111, ArH). HR-FAR' -MS m/z Found: 
283.038 C? 3 HnN 2 S 2 (M+H 4 ): requires M, 283.036. 
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2-METH¥L'3'METH¥L-6-(BENZOTBIAZOL-2-YI.4-BENZ011HAZOiiUM 
TOSYLATE (12) 

2-methyl-6-(benzotliiazol-2-yi)-bu\70 h . ol 44 0.156 xn 1 rred for 5 h at 90 

5 °C in melted methyl tosylate (660 mg, 3.5 nmiol). After being allowed to cool to mom 
srature he produc was pros te v \ idditioi of acetone anc c ected by filtration. 
The precipitate was washed with acetone and allowed to dry over night. This gave the 
product as green crystals. Yield; 51 mg, 70%. ! H NMR (DMSO): 5 2.28 (s, 3H, -CH 3 ), 3.20 
(s, 3K, CH 3 ), 4.24 (s, 3H, -CH 3 ), 7.1 1 (d, J=7.2, 211 ArH), 7.46 (d, J-7.2, 2H, Aril), 7.55 (t, 
10 J=7.6, IH, ArH), 7.62 (t, J=7.6, IH, ArH), 8.14 (d, J=8, IH, ArH), 8.25 (d, J=8, IH, ArH), 
8.45 (d, J-8.8, IH, ArH), 8.59 (d, J-8.8, 1H, ArH), 9.24 (s, 1H, ArH). HR-FAB-MS nth 
Found: 297.067 C^H^Sa (M + ): requires M, 297.052. 

15 ^(^MEimL^ 

THIA^OLE)-2-METII YLIBENE)!- METHYL-QUINOLINIUM TOSYLATE (B1T0) 

2-melhyl-3-methyl"6"(benzOthiazol~2-yl)-beiizothia2olmm tosylate (17 mg, 36 pmol) and i- 
methyl-quinolmium tosylate (12 mg, 36 /xmol) was dissolved in 2 ml dichloromethane. 2 

20 equivalents of tri ethyl amine (10 p&, 12 fimol) was added and the deep red solution was 
allowed to react at room temperature over a period of 48 h, during which it turned to a 
brownish slurry. BETO was isolated as a red solid, by flash chromatography on neutral 
A1 2 0 3 with methanol- dichloromethane (2:98). Yield: 6 mg, 27%, ] H NMR (Methanol-D^: § 
3.64 (s, 3H ~CH 3 ), 3.83 (s, 3H, -CH 3 ), 6.14 (s, IH, CH), 6.71 (d, J=6.8, 1H, ArH), 6.91 (t 

25 1-7.2, IH, ArH), 7.02 (t, 1-7.2, IH, ArH), 7.29 (m, 3H, ArH), 7.50 (m, 2H, ArH), 7.67 ft, 
J- 7.2, 1R ArH), 7.72 Hi i- 8.8, IH, ArH), 7.97 (s, 1H, ArH), 8.02 (d, J =6.4, 1H, ArH). 8.09 
(d, J-8.4, IH, ArH). HR-FAB-MS m/2 Found: 438.118 C 2 *H 20 N 5 S 2 (M): requires U, 
438.110. 

30 

2-ftfE'rHYL~6-(BENZOXAZOL-2-Y]L)-BENZOTHiAZOLE (13) 

216 mg of the mixture of 6-iodo-2"niethyl-benzothiazole {169 mg. 0.61 mmol) and 
6-bronK>-2-methyl-benzothiazole (47 mg. 0.20 mmol) was dissolved in 10 ml DMF. The 
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solution was flushed 30 min with nitrogen and Pd2<iba3 (21 mg, &02 mmoi). tri~phenyl- 
phosphine (46 mg, 0.18 mmol) and Cul (45 mg, 0.24 mmol) was added. The mixture was 
flushed for another 15 min and placed under inert nitrogen atmosphere. 
2-(Tri-n-butylstannyl)-benz;oxazoie (481 mg, i.18 mmol) was added and the mixture was 
5 heated to 60 °C. After being kept at 60 °C for 7 h, the reaction mixture was allowed to cool 
to room temperature. The DMF was removed by bulb-to-bulb distillation. The remaining oil 
was purified by flash chromatography on silica with chloroform to produce the product as 
red crystals. Yield: 154 mg, 71% (calculated with, respect to total amount of 6-halogenated 
2 • methy 1-bcnzothi azole), 95% (calculated with respect only to the amount of 
1 0 6-iodo-2-raethyl-ben2othiazo!e). f H NMR (CDCfe): 5 2.89 (s, 3H, -CH 3 ), 7.37 (m, 2H, ArH), 
7.59 (m, 1H, ArH), 7.78 (m, 1H, ArH), 8.06 (d, J=8.8, 1H, ArH). 8.40 (d, J-8.8, 1H, ArH), 
8.75 (s, 1H, ArH). HR-FAB-MS mfz Found: 267.058 C 15 H U N20S (M+If): requires AT, 
267.059. 

15 

TOSYLATE (14) 

2-methyi-6-(benzoxazol~2~yi)~beazothia2ole (50 mg, 0.22 mmol) was stirred for 3 h at 90 :% 
20 in m excess of melted methyl tosylate (900 mg, 4.78 mmol). After being allowed to cool to: 
room temperature, the product was precipitated by addition of acetone and collected by 
filtration. "The precipitate was washed with, acetone and allowed to dry over night. This gave 
the product as light brown crystals. Yield; 56 mg, 56%. l H NMR (DMSO): 5 2.27 (s, 3H, 
CH 3 ), 3.21 (s, 3H, -CH3), 4.24 (s, 3H, -CH 3 ), 7.09 (d, J-8, 2H, ArH), 7.47 (M, 4H, ArH), 
25 7.88 (t, J=8.8, 2H, ArH), 8.49 (d, J-8.8, 1H, ArH), 8.64 (d, J-8.8, 1H, ArH), 9.32 (a, 111, 
ArH), HR-FAB-MS mfc Found: 281.078 C I6 H 13 N 2 OS (M + ) requires M, 281.075. 



4-[(3-METHYL-6^ENZOXAZOL-2-YL)-2J-D[HYDROKBENZ<>-l>THiAZOLE). 
30 2-METH YLIBENE)]-! -METHYL-QUINQLSNIUM TOSYLATE (BOXTO) 



nethyl-3 a hbenzo 1 > (20 nig, 44 jsniiol) and 1- 

methyi-qumolinium tosylate (14 mg, 44 jttmol) was dissolved in 2 ml dichlorometbane. 
Tri ethyl amine (10 pi, 72 ^mol) was added and the clear, red. solution was allowed to react at 
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room temperature over a u ee>vcin uch it turn© > t 1 - ed slurry. BOXTO 

was Isolated as a red solid, by flash chromatography on neutral AI2O3 with 
methanol :dichloromethane (2:98). Yield: 8 mg, 30%. ! H NMR (Methanoi-D 4 ): o 3.74 (s, 3H, 
-CH 3 ), 3.97 (s, 3H, -CH 3 ), 6.33 (s, 1H, CH), 6.88 (d, J=6.8, lH f ArH), 7.01 (m, 2H, ArH), 
5 7.1 1 (d, J=7.2, 1 H, ArH, 7. 17 (d, J=7.2, IK, ArH), 7.42 (d, 3-7.2, 1 H, ArH), 7.55 (t, J=8, 1 H, 
ArH), 7,63 (d, J-8.4, 1H, ArH), 7.70 (t, J-7.6, 1H, ArH),. 7.91 (d, J=8, 1H, ArH), 8.13 (a, 
1H, ArH), 8.19 (d 5 J-6.8, 1H, ArH), 8.23 (d, J=8.4, 1H, ArH). HR-FAB-MS m/z Found: 
422.134 C 2 <,H 20 N 3 OS (M + ); requires M, 422.133. 

to 





Abs. Peak ( tun i 


Em. Peak (nm) 


*F(c> 


■ N F,, ul 


B! BO 


448 


542 


0.011 




3E3 


467 


492 


0.18 


245 




467 


492 


0.118 


182 


BEBO-polyGC (b) 


471 


492 


0.226 


264 



» a - Measured at at 25 *C in 10 mM sodium phosphate buffer (pH 7.0). 

« b - Dye:bases ratio of 1 : 1 00. 

» c - Fluorescence quantum yields, ^F, were determined relative to fluorescein in 0.1 

15 M NaOH, assuming a <j>F of 0.93, 

® d - Increase in fluorescence intensity at 492 nm when exciting at 467 am. 

The minor groove-binding, asymmetric cyanine dye BEBO (above) has been: evaluated using 
real-time PGR and compared with SYBR Green I. BEBO did not inhibit PGR at low 
20 concentrations and the fluorescence increase upon binding to dsDNA was sufficient for real- 
time measurement on the instruments used. Background fluorescence was caused by 
aggregation and it was approximately twice that of SYBR Green at optimized 
concentrations. 

25 Tht >< ice increase when id g t< DNA was lower than for SYBR Green and 

caused a retardation of the curves and the Ct was delayed approximately 4 cycles compared 
to SYBR Green. 
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The similar dyes BETO and BOXTO both seem to have lower background due to less 
aggregation and larger fluorescence increase upon binding to DNA. Farther testing will tell 
if these dyes are well suited for real-time PCR. 

5 BE BO has been used in this study in real-time PCR and compared with SYBR Green I. A 
dye binding to the minor groove of dsDNA does not perturb the DNA duplex like 
intercalating dyes, which could be useful in for example fluorescence microscopy studies. 

BEBO is an asymmetric cyanine dye and is designed with a curve shape complementary to 
1 0 the convex floor of the minor groove. The cyanine chromophore of BEBO is the same as that 
of BO. The shape is similar to other minor groove binding dyes such as Hoecht and DAPL 
hut BEBO shows a higher fluorescence increase when bound to DNA and absorbs at a 
higher, more convenient wavelength. Most minor groove binders and possibly also BEBO 
still intercalate in GC-rich regions, while in AT-regions it clearly binds to the minor groove. 
15 This study will analyze if and how the PCR-reaction is affected by the binding of BE BO and 
how it compares to the commonly used as detection reagent SYBR Green I. 

MATEMALS AND METHODS 

20 BEBO was supplied in a 5.8 mM stock solution in DMSO. Two real- time PCR instruments 
were used for the investigation: LightCycier from Roche and the Rotorgene from Corbett 
Research. A previously developed and optimized PCR-system was used, amplifying a 240 
bp template from a stock of purified PCR-product The concentrations for reagents used 
were [Mg] - 3 mM, [dNTP] = 200 uM, [primers] - 0.4 uM, [BSA] - 0.2 mg/ml and ! U of 

25 i I sse 100 uM BEBO and 100X SYBR Green stock solutions were prepared in 
DMSO. Absorption n ix a m for BEBO is 467 nm and emission at 492 nm. The Rotorgene 
(Channel \ Excit: 470, Detect: 510) and the LightCycier (Excit: 470, Detect Ch 1: 530} both 
offer appropriate detection conditions. Efficiency (E) is defined as P N - Po(l+E) n , and is 
unless stated otherwise derived from a template dilution series as E ::: 10" !;a - 1 where a. is the 

30 slope of the corresponding standard curve. For further details the reader is referred to 
protocols and the iahoratory notebook. 
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RESULTS OF PGR 

A description of attached protocols and data-files is given in Table 1. Dilution series of 
BEBO (0.05 - 5 uM) on the RotorGene (Figure 9) indicated that 0.2 uM is a good balance 
5 between background fluorescence and signal increase and this concentration was 
subsequently used in template dilutions and in comparison with SYBR Green. As an 
indication of the level of PGR inhibition, a template dilution series was performed (Figure 
10) and the efficiency was determined to be 74 %. Figures 11-12 show a comparison with 
SYBR Green (G.1X) and the results indicate that BEBO has higher fluorescence background 

10 anu 1 wer \ ^tseeaee increase. Efficiencies calculated from the dilutions were 66 % for 
BEBO and 72 % for SYBR Green. This is lower than usually observed for this PCR-system 
using SYBR Green. BEBO-samples are consistently seen approximately 4 cycles later than 
the SYBR Green equivalent. To test whether DMSO could decrease the high background 
fluorescence, 15 % DMSO was present in six samples (data not shown). Although DMSO in 

15 concentrations of up to 20 % is commonly used to increase specificity in FOR, total, 
inhibition was observed. A second comparison between BEBO and SYBR Green was 
performed with minor modifications to the protocol (Figure 14), [BEBO] = 0.4 uM, [SYBR 
Green] - 0.2X, giving 80 % and 99 % efficiency respectively. 

20 This study indicates that BEBO is an appropriate non-specific dsDNA-binding dye for use iri 
real-time PGR. The concentration range of optimal use for real-time PGR in the instruments 
used is 0,1-0.5 uM. Higher concentrations result in high unwanted background fluorescence 
while lower concentration than 0.05 uM does not give enough fluorescence increase. 

25 BEBO does not give rise to large inhibition of the polymerase chain reaction in the lower 
range of the concentration interval mentioned above. A major disturbance of the reaction 
occurs at concentrations above I uM, where the PGR loses its specificity and only forms 
short, unspecific products, most likely primer aimers. Inhibition is observed at 0,4 uM, while 
0.2 pM BF B< ) doesn t seem to in! il if t a PC 1 to any gieat extent. 

30 

When corn BO with BR Green the most striking differences are the increased 

background fluorescence and the delay in Ct at the same template concentration. The 
efficiencies are higher for SYBR Green: 72 % vs 66 % for [SYBR] = 0.1X and [BEBO] - 
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0.2 uM, and 99 % vs 80 % for [SYBR] = 0.2X and [BEBO] » 0-4 pM. The final 

1 U Oi'CSC CI i C If uv^ i t <. f > i 

of SYBR Green. 

5 The background fluorescence is caused by aggregation of BEBO, resulting in spontaneous 
fluorescence. This aggregation seems to accumulate as the PCR is running, indicated by a 
linear increase in background signal seen in Figures 9, 11 and 13. At high dye 
concentrations, this phenomenon is also seen with SYBR Green (data not shown). To 
decrease the aggregation, which is virtually non-existent in ethane! or methanol, 15 % 
10 DMSO was added to the reaction. The background decre » >ed si nincan • . but also resulted 
in loss of specificity in the PCR. 

When using the Li ght Cycler it was observed that much higher probe concentrations: were 
needed to reach inhibition of the PCR. Up to 5 uM BEBO gave specific product using the 
15 LightCycler while 2 uM BEBO on the RotorGene gave no product. We conclude that this is 
due to significant adsorption to the glass surface of the glass capillaries used in the 
LightCyder instrument. 

Presently, the information about structure, binding mode, molar concentration, etc. of SYBR 
20 Green I is very scarce. This makes a detailed comparison with BEBO difficult and some 
applications may require information about the dye used, currently only available for BEBO. 

CURVE ANALYSIS 

25 To further analyze the amplification curves, regression of the exponential growth phase was 
calculated (Figure 8). The analysis was focused on the data from the second comparison 
beiween 8EBO and SYBR Green. BEBO had an average efficiency of 0.91 and SYBR 
Green 0.97. This compares with the efficiency calculated from the dilution series: 0.80 and 
0.99 respectively. 

30 

The reason for BEBO to. reach threshold approximately 4 cycles later than SYBR Green at 
the same te nplate coneei tration is nine e ipon binding t 

dsDNA. Lower efficiency alone cannot explain, the whole delay of 4 cycles, and this is 
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confirmed by the efficiency derived from the curve analysis, SYBR Green hinds effectively 
to the DNA during PGR and shows an early fluorescence effect. However, this effect seems 
to be too strong, as the PGR reaction is delayed during multiplication using SYBR Green, 
which is a disadvantage. Thus the SYBR Green interferes with the DNA molecule to an 
5 extent that may not be desirable. 
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